Child growth is multifactorial, and requires the tightly controlled mobilization and utilization of energy, coordinated by several biochemical and physiological regulatory mechanisms. Impaired linear growth is commonly encountered in children suffering from chronic inflammatory diseases such as juvenile idiopathic arthritis (JIA), both at disease presentation and following treatment with glucocorticoids. In these children, maintenance of growth is a complex process that is influenced by a number of different mechanisms, including not only the steroid therapy, but also other factors such as the disease process, nutritional status, endocrine status and the response of the body to inflammatory mediators. The growth abnormalities observed in children with inflammatory diseases are often associated with delayed onset of sexual maturation and altered bone development. Evidence of an imbalance of proinflammatory cytokines in patients with inflammatory diseases includes the positive correlation of serum and synovial cytokine concentrations with JIA disease activity [1, 2] , an increase in antagonists or soluble receptors with a flare of arthritis [3] and the effectiveness of JIA therapies that involve cytokine modulation [4, 5] . The proinflammatory cytokines that have been reported to play a major role in JIA include interleukin 1 (IL-1), tumour necrosis factor (TNF-) and interleukin 6 (IL-6) [6] [7] [8] . These proinflammatory cytokines may influence child growth through systemic effects and/or a local effect at the level of the growth plate of long bones.
The growth plate and how bones grow
The articular chondrocyte is well known to the rheumatologist. Its function is to synthesize and maintain an extracellular matrix that is able to withstand physical deformation and facilitate joint articulation. Articular cartilages persist and survive. This is in contrast to the growth cartilage produced at the epiphyseal growth plate, which is progressively synthesized and replaced by bone with accompanying longitudinal (endochondral) bone growth [9] .
The growth plate is a thin layer of cartilage found near the ends of long bones and vertebrae [10] . It comprises both chondrocytes and their extracellular matrix. A characteristic of endochondral bone growth is the precise temporal and spatial organization of chondrocytes within the growth plate, where they differentiate through a series of maturational stages whilst remaining in a spatially fixed location throughout its existence [11] . Undifferentiated stem cell progenitors differentiate into chondrocytes and progress through a proliferative phase. Immediately following cessation of cell division, the cells undergo terminal differentiation into hypertrophic chondrocytes [12] ; the chondrocytes become more voluminous with increases in rough endoplasmic reticulum and Golgi apparatus, reflecting their increased matrix production [13] . The rate of longitudinal bone growth is determined by a complex interplay of proliferative kinetics, size of the proliferative pool, matrix synthesis and hypertrophic chondrocyte enlargement [14] . The precise control of these processes is still a matter of debate and any perturbation of these synchronized variables may underlie the growth modulatory effects of external agents, such as inflammatory cytokines (Fig. 1) .
Histologically, the chondrocytes are arranged in columns that parallel the longitudinal axis of the bone. Each column and each chondrocyte within a column are respectively separated by longitudinal and transverse septae made up of a collagenous and proteoglycan-rich extracellular matrix. The extracellular matrix of the epiphysis determines the mechanical properties of the tissue and contributes to the structural arrangement of the growth plate by providing a scaffold for chondrocyte attachment and migration [15] . During terminal differentiation, the collagenous matrix mineralizes and it functionally changes to an environment allowing vascular invasion from the marrow of the metaphysis, thereby providing a conduit for the recruitment of osteoclasts and differentiating osteoblasts that remodel the newly formed cartilage into bone tissue [16] . During the growth period the rate of cartilage addition and replacement are coupled, so that the width of the growth plate remains constant. From animal studies it has been calculated that eight hypertrophic chondrocytes (including its associated matrix) are eliminated by apoptosis from each column of cells every day [17] . However, towards the end of the growth period the growth plate narrows and finally disappears. It has been widely accepted that growth cessation is a result of systemic control and the fusion of the epiphysis with the metaphysis. However, it is now believed that regulation is intrinsic to the growth plate and that growth plate fusion does not precede, but follows, the cessation of growth [18, 19] .
In children, maintenance of growth is a complex process that is influenced by a number of systemic and local autocrine/ paracrine mechanisms. This list includes vitamin D metabolites, androgens, fibroblast growth factor and bone morphogenic proteins together with other members of the transforming growth superfamily. Two of the most important and widely studied regulators of postnatal bone growth are growth hormone (GH) and insulin-like growth factor 1 (IGF-1). The dual effector theory of GH/IGF-1 action at the growth plate proposes that GH acts directly on germinal zone precursors of the growth plate to stimulate the differentiation of chondrocytes and then amplify local IGF-1 synthesis, which in turn induces the clonal expansion of chondrocyte columns in an autocrine/paracrine manner [20, 21] . IGF-1 is, however, expressed by chondrocytes situated in all maturational zones of the growth plate, with IGF-1 mRNA expression mainly restricted to the hypertrophic zone. Infusion of hypophysectomized rats with IGF-1 stimulated growth plate chondrocytes at all stages of differentiation, including those in the hypertrophic zone [22] [23] [24] . Although liver-derived IGF-1 is the main determinant of serum IGF-1 levels, it is not as important for postnatal growth as locally derived IGF-1 [25, 26] .
Recent investigations have indicated that the local control of cellular function by parathyroid hormone-related peptide (PTHrP) extends to cells of the skeleton and in particular to the growth plate chondrocytes. Mice lacking the PTH/PTHrP receptor gene have a growth plate morphology similar to that of mice that are homozygous for the ablation of the PTHrP gene [27] . There is widespread accelerated differentiation of chondrocytes and premature mineralization, resulting in a narrow growth plate. In contrast, the phenotype of mice in which the PTHrP gene is overexpressed is characterized by a dramatic slowing down of the differentiation of chondrocytes and a wider growth plate [28] . These and other experiments have led to the acceptance that PTHrP, together with the morphogen Indian hedgehog (Ihh), is one of the major influences on the endochondral growth process [10] .
Sex steroids are of crucial importance in the control of longitudinal growth, and exert direct effects on the growth plate.
A number of studies have demonstrated the presence of the androgen receptor and both oestrogen receptors, ER and ER, in growth plate tissue at the mRNA and protein level in several species, including the rat, rabbit and human [29] , indicating that androgens and oestrogens directly regulate processes in the growth plate. Furthermore, the growth plate possesses the ability for steroidogenesis as well as aromatization [30] . However, it has been difficult to prove whether androgens have direct effects on growth plate cartilage. Non-aromatizable androgens, such as dihydrotestosterone, have been shown to regulate both proliferation and differentiation of cultured human epiphyseal chondrocytes, probably by promoting local IGF-1 synthesis and increasing IGF-1 receptor expression [31, 32] .
Oestrogen is the critical hormone in controlling growth plate acceleration and fusion in both females and males [33, 34] . In vitro studies have shown that oestrogen alters alkaline phosphatase activity, cell proliferation and proteoglycan synthesis [35, 36] . Indeed, oestrogen has a biphasic effect on proliferation, which is stimulated by low levels and inhibited by high levels of oestrogen [37] .
Linear growth in children with JIA
Maintenance of growth in children with JIA is a complex process that is influenced by a number of different mechanisms, including not only drugs but also other factors, such as the disease process [38] . Estimates of significant short stature (final height standard deviation score (SDS) of less than -2) in children with JIA range from 11% of all patients [39] to 41% of patients with systemic forms of JIA [40] . Clinical studies by our own group and others have shown that growth and skeletal development are reversibly impaired during periods of intensive therapy, especially during treatment with prednisolone and dexamethasone [41] . However, 87% of patients in the retrospective study of 24 children with systemic JIA reported by Simon et al. had a final height below their target height [40] . In this study, the authors also noted that, after remission of the disease and discontinuation of glucocorticoid therapy, 30% of the patients did not show any catch-up growth. The patients who showed no catch-up were more likely to be shorter at diagnosis and had a lower target height.
As a group, children with JIA have a unique pattern of growth disturbance; systemic JIA is often associated with general growth retardation whereas oligoarticular JIA is associated with local excess growth. This discrepancy manifests itself as increased growth in the affected limb in young children and premature fusion of the epiphyses in the older child with resultant limb shortening [42] . In the young child, early use of intra-articular steroids has been reported to prevent the leg length discrepancy, but some recent evidence suggests that intra-articular steroids may depress the growth of the contralateral leg [43, 44] . Although hyperaemia to the juxtaposed growth plates is thought to be the mechanism for overgrowth in young children, there is no clear scientific explanation for this phenomenon, especially as the reverse seems to happen in the adolescent child.
Children with JIA and severe growth retardation may have normal pulsatile GH secretion and are reported to have reduced IGF-1 levels, suggestive of GH resistance [45] . After monitoring height velocity for 1 yr, Davies et al. [45] polyarticular JIA for a year led to an improvement in height velocity. Overall, these studies suggest that the adverse effects of glucocorticoids and chronic inflammatory disease on growth and skeletal development in children with JIA may be halted, but not reversed, by treatment with recombinant GH. A number of clinical studies suggest a direct link between factors produced during chronic inflammation and growth failure [45, 48, 49] . In systemic JIA, impairment of linear growth is seen during periods of disease activity, with subsequent normalization of growth rate during remission [48, 49] . In patients with systemic JIA and growth defect treated with GH, growth velocity during treatment appears inversely correlated with the intensity of inflammation [45] .
It is likely that cytokines may influence the development of these abnormal growth patterns in children with inflammatory diseases, through both systemic effects and local effects at the level of the growth plate.
Systemic effects of cytokines on the GH/IGF-1 axis
Studies using transgenic murine models have examined in detail the mechanisms by which IL-6 induces systemic effects on growth retardation. The murine model NSE/hIL-6 overexpresses IL-6, leading to high levels of circulating IL-6 and reduced growth rate [50] . The growth defect is completely abolished by neutralization of IL-6 [51] . The mice show reduced circulating IGF-1 levels, while GH production remains unaltered [50] . This mirrors the observations in patients with systemic JIA [52, 53] , and demonstrates that the effect on IGF-1 levels is not mediated indirectly via an effect on GH production.
A relevant portion of circulating IGF-1 is carried in a ternary complex with IGF binding protein (IGFBP)-3 and an acid-labile subunit. This complex prolongs the half-life of circulating IGF-1. Decreased levels of IGFBP3 are observed in NSE/hIL-6 mice and wild-type mice treated with IL-6 [52] . Patients with systemic JIA [52] [53] [54] also show markedly reduced levels of IGFBP-3.
The decrease in IGFBP-3 levels in NSE/hIL-6 mice is associated with impaired formation of the ternary complex. This is likely to be, at least in part, due to IGFBP-3 proteolysis, which was also observed in NSE/hIL-6 mice [52] . Proteolytic degradation of IGFBP-3 has also been demonstrated in patients with systemic JIA [52] . It has therefore been proposed that IL-6 decreases IGF-1 levels by increased clearance, as association of IGF-1 in the circulating ternary complex prolongs the half-life of IGF-1 from less than 10 min to 16 h [52] .
Excessive production of TNF-also causes growth failure in TNF-transgenic mice [55, 56] . However, no studies have specifically examined alterations in the IGF-1/GH axis in these models.
Il-1 has also been shown to reduce plasma concentrations of both IGF-1 [57] and the acid-labile subunit [58, 59] . Increased levels of IGFBP1 inhibit IGF-1 bioactivity, as phosphorylated IGFBP1 has a higher affinity for IGF-1 than the IGF-1 receptor [60, 61] , and therefore complexes with IGF-1 and prevents IGF-1 receptor binding. Hepatic IGFBP-1 expression is elevated in septic rats; this can be completely prevented by treatment with an IL-1 receptor antagonist [61] . IL-1 also directly stimulates IGFBP-1 protein and mRNA synthesis in the HepG2 hepatoma cell line [62] [63] [64] .
Local effects of cytokines on the growth plate
The cytokines that have been studied most extensively for their ability to regulate bone and cartilage function in cell cultures of chondrocytes are IL-1, IL-6 and TNF-. However, whilst many studies have examined the effects of cytokines on articular chondrocytes, relatively few have investigated growth plate chondrocytes.
Local destruction of the growth plate has been observed following inflammatory synovitis, denoted by elevated synovial TNF-, IL-1 and IL-6 [65] . This suggests that the proinflammatory cytokines present in the fluid can reach the growth plate from the adjacent synovial space.
IL-1 and TNF-inhibit the expression of a number of genes encoding chondrocyte-specific matrix molecules, including collagen types IX and XI and aggrecan [66] [67] [68] [69] . In cultures of rabbit growth plate chondrocytes, IL-1 decreased alkaline phosphatase activity during hypertrophy and suppressed increases in cell size and type X collagen expression, suggesting inhibition of chondrocyte differentiation [70] . IL-1 has been shown to induce a dose-dependent rise in rat growth plate chondrocyte DNA synthesis, which may explain the increased longitudinal bone growth seen in affected limbs of children with arthritis [71] . TNF-has also been reported to stimulate DNA synthesis in cultured rat [72] and rabbit [73] costal chondrocytes. TNF-induces apoptosis in chick chondrocyte cultures [74] and suppresses cartilaginous nodule formation and the accumulation of cartilage-specific proteoglycan reduction in the ATDC5 cell line [75] . TNF-has also been shown to reduce proteoglycan synthesis in fetal mouse metatarsals [76] . Furthermore, this study demonstrated that IL-17 synergizes with TNF-to further reduce proteoglycan production. IL-1 has also been shown to synergize with TNF-to inhibit longitudinal growth in fetal rat metatarsal bones [77] .
IL-6 belongs to a cytokine subfamily whose members share a common signal-transducing molecule, gp130, in their respective complexes [78] . In articular chondrocytes, contradictory results have been reported on the effects of IL-6 on proteoglycan synthesis. It must be noted that, in most of the related studies, the IL-6 effect was investigated in connection with that of other cytokines, such as IGF-1 and IL-1. For example, very high doses of IL-6 were found to decrease the enhancing effect of IGF-1 on proteoglycan synthesis [79] . It was also shown that IL-6 is required for the inhibition of proteoglycan synthesis by IL-1 in human articular chondrocytes [80] , but these latter results have not been reproduced by others [81] . The contradictory results may be because the IL-6 effects were investigated in the absence of soluble IL-6 receptor. Indeed, it has been shown that the levels of membrane-anchored IL-6 receptor on chondrocytes are lower than those on other cell types, such as hepatocytes, and that in vitro addition of soluble IL-6 receptor to IL-6 is required to observe the full inhibitory effect of IL-6 on proteoglycan synthesis [82] . IL-6 in the presence of additional soluble IL-6 receptor also markedly down-regulates the expression of cartilage-specific matrix genes, including type II collagen, aggrecan and link proteins in bovine articular chondrocytes [83] . IL-6 has been reported to have no effect on growth plate chondrocyte dynamics [84] ; however, these studies were undertaken in the absence of soluble IL-6 receptor.
Oncostatin M (OSM) is a cytokine that also belongs to the IL-6 family [78] and has been detected in JIA synovial fluid [65] . Additionally, the injection of an adenovirus vector that expresses murine OSM induces damage to the growth plate cartilage, including proteoglycan depletion and loss of matrix integrity [65] . This damage was shown to be dependent on endogenous IL-1. The authors proposed that OSM could either enhance or modify the autocrine effects of IL-1 on growth plate chondrocytes, thereby leading to growth plate proteoglycan loss, disorganization and finally growth abnormalities.
Underlying mechanisms
The cellular machinery by which cytokines may act on the growth plate is unclear at present. Transmission of external signals from the cell surface to the internal cellular environment occurs via tightly controlled complex transduction pathways. Alterations in these highly regulated signalling cascades in chondrocytes may play a fundamental role in the functional abnormalities of growth plate cartilage that underlie cytokineinduced growth retardation.
Sox9 gene expression
Sox9 is a master regulatory factor for chondrocyte differentiation and cartilage formation [85] . In mouse chimeric embryos, Sox9-null cells are unable to express the genes for chondrocytespecific markers, such as collagen types II, IX and XI and aggrecan [85] . Both IL-1 and TNF-markedly down-regulate the expression of Sox9 in both costal chondrocytes and a chondrocytic cell line [86] . These effects appear to be mediated by the NF-B pathway, although the precise mechanism remains to be elucidated [86] .
TNF-and apoptosis
TNF-has two cell surface receptors, TNFR1 and TNFR2. Binding of TNF-to TNFR1 initiates an apoptotic response, which is simultaneously activated by TNF-through the Fas-associated death domain (FADD), a protein that triggers the pro-apoptotic caspases and cell death. TNF-has been reported to induce apoptosis in chondrogenic cells [75] and fetal rat metatarsal cultures [77] . TNF--induced apoptosis may be a major contributor to the growth abnormalities observed in children suffering from inflammatory diseases.
Sex steroids
Proinflammatory cytokines can interfere with steroidogenesis at the level of the testes and ovaries, which may in turn modulate the effects of sex steroids on the growth plate. TNF-, IL-1 and IL-6 inhibit the steroidogenesis of Leydig cells [87] , which synthesize and secrete the male sex steroid hormones. TNFand IL-1 also inhibit gonadotrophin-stimulated steroidogenesis of undifferentiated ovarian cells [88] . TNF-has also been shown to decrease androgen receptor protein and mRNA levels in a prostate cancer line, and inhibits the ability of dihydrotestosterone to induce cell proliferation and activate the prostate-specific antigen gene promoter [89] . In contrast, IL-6 up-regulates androgen receptor expression and activates androgen receptor-mediated gene expression in this cell line [90, 91] .
Oestrogen also functions as a specific inhibitor of inflammatory pathways. It is not known if oestrogen modulates the direct effects of proinflammatory cytokines on growth plate chondrocytes. However, it is likely that the mechanisms elucidated in other tissues may also be present in the epiphyseal growth plate. Raloxifene, a selective oestrogen receptor modulator, inhibits both IL-6 and TNF-expression and activity in osteoblasts and osteoclasts in vitro [92] . Oestrogen inhibits IL-1 induction of IL-6 expression in both rodent and human bone marrow-derived cell lines [93] . This decrease in IL-6 expression occurs through oestrogen receptor (ER) inhibition of both NF-B and NF-IL6 activation of the IL-6 promoter [94, 95] . The carboxyl-terminal activation function-2 (AF2) domain of ER is necessary for this inhibition [96] . Similarly, ER can inhibit TNF-induced gene expression [97] in an AF2 domaindependent manner [98] . ER also inhibits IL-1 induction of gene expression in the mouse liver, through a coactivator-based mechanism [99] .
IGF-1 signalling
The IGF-1 signalling pathway is unequivocally a major autocrine/paracrine regulator of bone growth [100] . Proinflammatory cytokines may modulate the IGF-1 signalling cascade at one or more junctures: IGF-1 receptor binding; insulin receptor substrate phosphorylation; the p44/42 mitogenactivated protein kinase (MAPK) signalling pathway; the phosphatidylinositol 3-kinase (PI-3K) signalling pathway; and Akt phosphorylation (Fig. 2) . The effects of proinflammatory cytokines on the major IGF-1 signalling pathways in growth plate chondrocytes have yet to be described in the literature. However, the effects of cytokines on IGF-1 signalling have been investigated in a number of other cell types, which are reviewed in the following text.
The cellular actions of IGF-1 are mediated by a receptor tyrosine kinase (IGF-1R), which is expressed in growth plate chondrocytes. However IL-1 and TNF-do not down-regulate IGF-1 receptor expression [101] or affect IGF-1 receptor affinity [102] in articular cartilage. Furthermore, IL-1 and TNF-do not impair the intrinsic tyrosine kinase activity of the IGF-1 receptor in either breast cancer cells [103] or myoblasts [104, 105] . Therefore, it is unlikely that proinflammatory cytokines alter the IGF-1 signalling cascade at the level of the IGF-1 receptor in growth plate chondrocytes.
Binding of IGF-1 to its receptor utilizes a family of soluble receptors, known as insulin receptor substrates (IRSs), to initiate a series of autophosphorylation events. The mammalian IRS family contains at least four members, but only IRS-1 is expressed in epiphyseal cartilage [106] . TNF-and IL-1 have been shown to induce IGF-1 resistance by inhibiting IRS-1 phosphorylation in both myoblasts [104, 105] and breast cancer epithelial cells [103] . Proinflammatory cytokines may therefore also induce IGF-1 resistance by inhibiting IRS-1 phosphorylation in growth plate chondrocytes.
TNF-and IL-1 receptor activation has been shown to elevate ceramide, a sphingosine-based lipid second messenger, through de novo pathways in breast carcinoma, fibrosarcoma and hepatic cells [107, 108] and sphingomyelinase pathways in leukaemic T-cell and pre-B cell lines and breast carcinoma, fibrosarcoma and thymoma cells [107, 109, 110] . Ceramide also inhibits IGF-1-induced tyrosine phosphorylation of IRS-1 in myoblast and hepatic cells [105, 111] and may also be a key intermediate by which proinflammatory cytokines impair IGF-1 action in growth plate chondrocytes.
Many proinflammatory cytokines, including TNF-and IL-1, stimulate the tissue-specific expression of suppressor of cytokine signalling proteins (SOCS) [112] . SOCS are a group of signalling proteins characterized by their ability to down-regulate cytokine signalling and are critical in modulating GH signalling [113, 114] . Cytokine binding to its receptor activates the JAK-STAT signalling pathway, leading to induction of SOCS mRNA and protein [115] . Studies in adipocytes have shown that TNFand IL-1B increase SOCS 3 expression, and this directly inhibits IRS-1 phosphorylation by IRS-1 protein degradation [112] .
Autophosphorylation of IRS-1 results in the activation of two distinct signalling pathways, PI-3K and p42/p44 MAPK, leading to proliferative and anti-apoptotic effects. Therefore cytokine-induced inhibition of IRS-1 phosphorylation in growth plate chondrocytes would be likely to reduce the downstream activity of both pathways. However, proinflammatory cytokines may also act directly on the PI-3K and/or p44/p42 MAPK pathways of growth plate chondrocytes. The MAPK pathway is strongly dependent on tyrosine phosphorylation steps and involves p21 ras , c-Raf-1 and MAPK-kinase (MKK), which is a direct upstream activator of p44/p42 MAPK. Phosphorylated MAPK translocates to the nucleus, where it participates in the phosphorylation of retinoblastoma pocket protein, resulting in the release of transcription factors and the activation of genes necessary for cell cycle progression and DNA replication [116] . TNF-has been shown to inhibit MKK phosphorylation in neuronal cells [117] . Proinflammatory cytokines may therefore also act directly on the p44/p42 MAPK pathway of growth plate chondrocytes.
TNF-has also been shown to prevent the intranuclear translocation of PI3K in an osteoblast cell line [118] . Activation of PI-3K activity results in a series of intracellular downstream events, generating phosphorylated phosphatidylinositol (PI) intermediates (such as PI 3,4,5-triphosphate, PIP 3 ) in the cytosolic leaflet of the plasma membrane. PIP 3 intermediates recruit other downstream signalling molecules, such as Akt, to the plasma membrane, and the subsequent phosphorylation of its several downstream effectors (e.g. NFB, caspase-9) mediates the effects of Akt on cell growth, proliferation and protection from pro-apoptotic stimuli [119] . Proinflammatory cytokines may inhibit Akt phosphorylation in growth pate chondrocytes through either PI-3K-dependent and/or PI-3K-independent mechanisms. TNF-has been shown to inhibit the phosphorylation and activation of Akt in neuronal cells [117] . Additionally, studies in erythroleukaemic, adrenal phaeochromocytoma and glioblastoma cell lines have suggested that ceramide induces growth arrest via dephosphorylation of Akt [120] [121] [122] . In neuronal cells, ceramide has been shown to inhibit Akt indirectly [123] , leading to the proposal of multiple indirect mechanisms for ceramide regulation of Akt. Conflicting results have suggested PI-3K-dependent regulation of Akt by ceramide in fibroblasts [124] as well as PI-3K-independent regulation of Akt by ceramide in kidney cells, fibroblasts and adipocytes [125, 126] . Two molecular PI-3K-independent mechanisms by which ceramide inhibits Akt activation by insulin have been elucidated in pre-adipocytes [127] . Ceramide specifically blocks the translocation of Akt to the plasma membrane, while simultaneously promoting the dephosphorylation of Akt by protein phosphatase 2A.
Growth hormone (GH) signalling
Increased levels of inflammatory cytokines may inhibit the effects of GH on the growth plate. It has been suggested that cytokines may act on GH receptor signalling [128] , although very little research has been undertaken in this area. Members of the SOCS family of proteins make important contributions to the negative regulation of the growth-promoting actions of GH. Mice lacking SOCS2 expression display gigantism accompanied by evidence of deregulated GH signalling [129] . Additionally, IL-6 has been proposed to inhibit liver GH signalling by inducing SOCS 3 [130] , a phenomenon that may explain GH resistance in inflammatory disease.
Concluding remarks
The development of abnormal growth patterns in children with inflammatory diseases such as JIA may be modulated by proinflammatory cytokines through both systemic effects and effects acting locally at the level of the growth plate. An improved understanding of the crucial cellular events that may be affected in growth plate development will allow us to be in a stronger position to ameliorate disturbed growth in affected children.
